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PREPARATION OF MPT AT nYmu emcv compounds, yttrium compounds, lanthanum com- 
FWARATIONOT^AX^OXIDE SOLS BY pounds, actinide compounds and/or lanthanide com- 

BACKGROUND OF THE INVENTION 5 ^^Z^S^^-^ wU * "*! *? 

" J prepared m a simple manner by dissolving a metal salt 

The invention relates to the preparation of single- or or a metal salt mixture in water and electrolyzing the 
multi-component metal oxide sols from aqueous metal solution for several hours, while preferably recirculat- 
salt solutions or a solution of a metal salt mixture by ing the aqueous metal salt solution continuously 
IS™™ r . , n through the electrolytic cell. The sol formation process 

ftocesses for the preparation of metal oxide sols have 10 takes place even at low temperatures. The temnerature 
frequently been described in the literature. In most range is -20 to 50' C, preftwKlVC 

«ff™ !ff.F^?l^f rei)aring ** aqueous Wh™ the single- or multi-component metal oxide 
S bv Z^rZ^Z?^ °° TT" T*f ** to *"» tovention arejrepare^the S 

addition of a base. The disadvantage* these processed SiStlSe? Particularly where the electrolytic 
is that often precipitations take place instead of the sol f^^ ^wu 

formation, which is a great disadvantage in particular a) avoids mhomogeneities in the solution by recircu- 
when expensive metal salts are used, for example or- ^on, stirring or passing air through the solution, 

ganometaUic complexes. Accordingly, the use of metal 20 w\ 

salts during salt preparation is frequently limited to low V prevents m mcrease m temperature by cooling, 
concentrations. " In the sol preparation, the electrode material also 

An improved process for the preparation of the col- play ! a role * Suitable electrode materials are preferably 
loids operates with ion exchangers. However, the disad- Itanium metal grate electrodes coated with ruthenium 
vantage of this process is the limited exchanging capao* 

25 oxide or iridium oxide. 

ity and the low reactor volume. After completion of known metal salts which are virtually non-redu- 

each process, the ion exchanger needs to be replaced ciWe at t** 6 cathode, Le. which have a more positive 
and regenerated, so that the process can only proceed electrode potential under the reaction conditions than 
batchwise. the system H2/H+ at this electrode, are suitable for the 

Metal sols can also be obtained by electrodialysis, in 30 process. Preferably, the oxide halides and halides of the 
which, however, sol formation and precipitations fre- metals, in particular the chlorides, are used. Solutions of 
quently compete with one another. metal salt mixtures comprising two or more different 

Electrolytic processes for the preparation of colloidal metal salts can also be converted into homogeneously 
SS^^c^/Si^ ^ ****** **** ***** metal 03dde by the process according to the 

2fi£ "JZ ^\™ d * S Z?rS l ASmdin K01 * 35 mVCnti01L ™ e ***** of aqueous solutions con- 
i } * 192 " 5 4 and V 2 " 16 * . taming a maximum of three different metal salts is pre- 

However, the preparation of a titanium oxide sol by ferred 

tf^^fjJ 1 ^-^ 0 ^ 0ldy ^ *¥**** * Zirconium/titanium, zhronium/aluininium, zircohi- 
the Presence of a stabu^ admtiye, such as, for exam- um/cerium, zirconium/yttrium, zirconiu^n^ 

&2ft^^ 40 *-» salt 

formation wer^ncreasingly ffi^tlJ^ Lu^^ ° f ° f 

lytic processes described in the literature, electrolytic TESSSiL^K -a 1 1 . 
units comprising three chambers are used,, which is ^ ^ ^ oxlde ^ can also be pre- 

complicated and requires the use of ion exchange mem- 45 SSSSilT? * *™**^yP*^**- 
branes. gle-component metal oxide sols. The latter, however, is 

Multi-component metal oxide sob can be prepared in a 7 ry , labor ' 31111 .cost-intensive method, 
high purity and at low temperatures by hydrolysis of ^ the preparation of multi-component metal oxide 
metal alkoxide mixtures. A disadvantage of this method . y electrolysis of two or more different metal salt 
is the very high price of the metal alkoxides. Accord- 50 solutions » ^eteropolar bonds, Le. for example 
ingly, there was a need to find a simple and relatively ^ r ~~°~; Ti bonds » **e already present in the sol parti- 
uncomplicated process in which stable single- or multi- cles » wnicn approximately 20 run in size, which is 
component metal oxide sols can be prepared in high not t^ e 0386 m mixtures comprising different single- 
yields without the addition of stabilizing additives. component metal oxide sols containing, for example, 

. _ 55 Zr — O — Zr and Ti— O — Ti bonds. 

SUMMARY OF THE INVENTION 55 In the process according to the invention, there are 

Surprisingly, a process for the preparation of single- no concentration limits with respect to the metal salt 

or multi-component metal oxide sols has now been solution to be used. Usually, the reaction is carried out 

found in which the disadvantages mentioned of conven- m the concentration range between 0.5-40% by weight, 

tional processes do not occur or only to a small extent 60 relative to the metal oxide formed. 

Accordingly, the invention relates to a process for Accordingly, the invention also relates to the use of 
the preparation of single- or multi-component metal the metal salt solution or a solution of a metal salt mix- 
oxide sols, characterized in that an aqueous metal salt ture in a concentration of 0.5-40% by weight, relative 
solution or the solution of a metal salt mixture is hydro- to the metal oxide formed. 

lyzed by direct electrolysis at -20 to at most 50* C 65 Current intensity, voltage and duration of the elec- 

Tne metal salts used are preferably titanium com- trolysis can vary. The voltage applied per electrolytic 

pounds, aluminium compounds, zirconium compounds, cell is between 2 V (decomposition voltage of water) 

hafnium compounds, niobium compounds, tantalum and 20 V, preferably between 5 and 10 V. The resulting 
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Accordingly, the invention also relates to operating TlHZLT^ TT^". 

during electrolysis at voltages of between 2-20 V and a dj^losure of all applications, patents and 

current intensity of between 0.01-0.5 A/cm* < pubUcatIons * clted above > of corresponding Ger- 

The duration of electrolysis depends on the ratio of f an *PP UcatK>n p 41 39 579.4, are hereby incorporated 

the amount of metal salt and the current intensity, for y refetence - 

example, the conversion of 1 1 of TiCUsolution contain- tjyamw b* 

mg about 350 g of 11CVI at an anode or cathode area tiAAMPLES 

of 100 cm 2 each (initial intensity 15 A at constant volt- w Example 1 

^c^^ £ a glass flask fitted with double jacket and equipped 

skill in the art with ^SuZ^^l^T ? 1 1 ° f ^ "** 

The process according to the Sn pmcLds ,? of JP^^ W ^ * 1 * of water) are cooled 

according to the following equations- to iu u Trus solution is continuously circulated 

15 through an electrolytic cell After applying a voltage of 
5 V and a current density of 15 A/dm*, electrolysis is 
MeX« + h 2 0 y" 01 ^ Me(OH)X fl _i + hx earned out for 30 hours, during which the current den- 

sity drops to 1 A/dm* The pH of the titanium oxide sol 
A A ~n obtained » L8 - The sol is a water-clear, viscous liquid, 

electro^ H2 | ^ ^ | Example 2 



2 HX 



Me^metal^ ^ESS"?* * 15x31,11)16 *' 1 1 of Ma * "M** < 2W 

X^Sir a „ lrt „c g of in 1 1 of water) is electrolyzed at 

tion are distmeuished bvihdr ^h^J^Z^ ^ 7 A/dm 2 for 25 hours. Durmg the sol formation process, 
^^^^^^^^^J^ ^ current density drops to 03 A/nA The P H oTtht 
particle size of between 5 and loS^S V5£K ^ obtained * 3 0 ' 

between 10 and 100 nm. Example3 

The concentrations of the sols depend on the concen- 30 T « ^ 
tration used of the salt solution and amount to 0 5-40^ ^i?Jr apparatus described m Example 1, 1 1 of 
of metal oxide. ^ Z*Oa 2 solution (260 g of Z1O2. 8 H 2 0 dissolved in 1 1 

Surprisingly, it has been found that no stabilization by ^fwater) is cooled to 5* C After applying a voltage of 
means of additives is necessary in the process according 5 v and a current density of 6.5 A/dm^ectrolysis is 
to the invention; this is probably due to the almost com- 35 carried out for 20 h. The final current density is 0.2 
plete absence of mterfering influences, such as, for ex- A/** 2 - The pH of the colorless clear sol obtained is 2.6. 
ample, additional membranes, differences in concentra- c , A 

tion and high temperatures. Example 4 

Accordingly, the metal oxide sols are highly suitable, Analogously to Example 1, a ZrOCli/TiCU solution 
owing to their high transparency and variable concen- 40 < 158 - 2 g of ZrOCfc. 8 H 2 0 and 262 ml of TiCUsolution 
tration, in particular, as far as approved, for cosmetic (357g of TiCk dissolved in 1 1 of water) in 1 1 of water) 
preparatonsand m ceramics as lustre glaze and decora- is electrolyzed at 5° C, an initial voltage of 5 V and a 
toons. The T1O2 sols prepared according to the inven- current density of 13.7 A/dm 2 for IS h, durin* which 
TtoJS^J? m osmetics as UV protection. sol formation process the: current density tops to 1 

Titanium dioxide sols are used in ceramics, since tita- « A/dm 2 

!aT SSSt I ^ ? ierefrom * ve The water-clear zirconium titanate sol obtained can 

sols m ceramics is described, for example, in DE 41 05 processes * 

235 and in cosmetics, for example, in DE 41 19 719. 50 Comparison Example 

Multi-component metal oxide sols can readily be c . , _ , . . . 

converted by processes such as spray, freeze or micro! J?™^ T° mt * °l tttamum 03dde m * rirco " 
wave drying into amorphous powders from which » °?T . prepared separately in Example 1 and 
polycrystalline mixed oxide powders of variable com- *** """^ and ±e me chanical mixture is then 

position can be obtained by calcining at suitable temper- 55 dn f d * t 

atures. Analogously to Example 4, crystalline zirconium 

Mixed metal oxides of this type are preferably em- titanate ** formed from 400* C upwards, 
ployed as catalysts, as support materials for catalytic ^ Preceding examples can be repeated with similar 
substances, in ceramics (eg. zirconium titanate success by substituting the generically or specifically 
(ZrTi04), aluminium titanate (AlTiOs), cerium- or yt- 60 described reactants and/or operating conditions of this 
tnum-stabilised Z1O2) and in chromatography. invention for those used in the preceding examples. 

Accordingly, the invention also relates to prepara- From the foregoing description, one skilled in the art 
tions containing the single- or multi-component metal can easily ascertain the essential characteristics of this 
ox^e sols prepared according to the invention. invention, and without departing from the spirit and 

e J:j7?^J ur * er elaboration, it is believed that one 65 scope thereof, can make various changes and modifica- 
Snfa? £ JrJS ^ description, tions of the invention to adapt it to various usages and 

utmze the present invention to its fullest extent The conditions, 
preferred specific embodiments are, therefore, to be What is claimed is- 
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L A process for the preparation of single-or multi- 
component metal oxide sols, comprising hydrolyzing an 
aqueous metal salt solution or a solution of a metal salt 
mixture by direct electrolysis at 0° to 15* G, wherein 
the metal salt solution is without stabilizing additive and 
is continuously recirculated through an electrolytic 
cell 

2. A process according to claim 1, wherein air is 
passed through the solution. 

3. A process according to claim 2, wherein the metal 



10 



4. A process according to claim 2, wherein during 
electrolysis a voltage of between 2-20 V and a current 
intensity of between 0.01-0.5 A/cm 2 are applied. 

5. A process according to claim 2, wherein the metal 
salt solution or a solution of a metal salt mixture is used 
in a concentration of 0.5-40% by weight, relative to the 
metal oxide or metal oxide mixture formed. 

6. A single- or multi-component metal oxide sol pre- 
pared by the process according to claim 2, having a 
particle size of 5-1,0000 nm. 

7. A single- or multi-component metal oxide sol pre- 
pared by the process according to claim 2, having a 
particle size of 10-100 

8. A process for the preparation of single- or multi- 



. . . , »• F AWW » uic prepdraagn ui single- or muiti- 

salt is an aluminum compound, a titanium compound, a 15 component metal oxide solTcomprising hydrolyzing a 

zirconium compound, a niobium compound, a tantalum solution consisting of at least one aqueous metal salt, by 

compound, a yttrium compound, an actinide compound dec ?° lySi ? at f to *f C ' wherein * 

oralanthanidecompounf continuously recirculated through an electrolytic cell 
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